A 14-year-old girl underwent a medical checkup for Mycobacterium tuberculosis infection because her grandmother had been diagnosed with pulmonary tuberculosis three months earlier. The interferon-gamma release assay (IGRA) showed a positive result. The patient's chest X-ray findings were normal. Chest computed tomography (CT) showed a single mass lesion in the right lower lobe of the lung. A sputum smear of acid-fast bacilli was positive; however, the polymerase chain reaction results for tuberculosis were negative. We diagnosed the patient with pulmonary tuberculosis based on the fact that she had come in contact with a tuberculosis patient. Six weeks later, a liquid culture examination for acid-fast bacilli was found to be positive and the acid-fast bacillus was identified as M. tuberculosis. The use of chest CT is not routinely recommended in all children suspected of having M. tuberculosis infection. However, IGRA-positive children who report frequent contact with infected individuals should undergo CT tomography if chest X-rays do not show any abnormal shadows.
Introduction
Today, one-third of the world's population is infected with Mycobacterium tuberculosis, and pulmonary tuberculosis is one of the most serious public health problems in both developing and developed countries (1) . In Japan, the incidence of tuberculosis fell below 20 per 100,000 individuals in 2007 and continued to decline, reaching a rate of 18.2 in 2010. However, 23,261 tuberculosis patents were newly identified in 2010 (2) . Recently, the number of patients diagnosed with diabetes mellitus or human immunodeficiency virus and those receiving treatment with hemodialysis tumor necrosis factor-α inhibitors has increased. Such patients are at high risk of tuberculosis infection. The number of new pediatric tuberculosis cases in Japan fell to below 100 in 2006 (2) . Of the 73 pediatric tuberculosis patients newly identified in 2009, 33 (45.2%) were identified at medical institutions with some signs or symptoms and 24 (32.9%) were identified based on the results of examinations in individuals with a history of family contact (3).
The general procedures used for contact examinations include the tuberculin skin test (TST) and interferon gamma releasing assay (IGRA). A chest X-ray is obtained detect active pulmonary tuberculosis in cases involving positive results on TST or IGRA or patients with symptoms. Patients diagnosed with active tuberculosis receive multi-drug treatment, while those diagnosed with latent tuberculosis infection (LTBI) receive isoniazid or rifampicin monotherapy (4) . Patients with active tuberculosis should not be treated with monotherapy because monotherapy can induce resistant bacilli strains.
We herein report a case of active pulmonary tuberculosis diagnosed in a 14-year-old girl who was first diagnosed with LTBI based on the results of IGRA and a chest X-ray. 
Case Report
A 14-year-old girl underwent a medical checkup for M. tuberculosis infection at the hospital in July 2012. Three months previously, her grandmother had received a diagnosis of pulmonary tuberculosis (Gaffky 6 in the grandmother's sputum). The patient was suspected of having LTBI based on a positive QuantiFERON TB-3G (QFT) result, with an interferon-gamma (IFN-γ) concentration of more than 10 IU/mL. She had no symptoms or unusual medical history. The findings of the physical examination were normal.
The patient's laboratory data showed a normal white blood cell count and normal C-reactive protein level (Table) . A chest X-ray did not show any abnormal shadows (Fig. 1) . Chest computed tomography (CT), however, revealed a mass lesion surrounded by ground grass opacity in the right S10 ( Fig. 2A) . A smear of acid-fast bacilli obtained from the patient's white sputum was positive in only one of three consecutive expectorated sputum samples. Meanwhile, a polymerase chain reaction (PCR) study for tuberculosis was negative (Table) . The chest CT findings suggested tuberculoma, a tumor or organizing pneumonia.
We performed bronchoscopy to confirm the diagnosis. No atypical cells or acid-fast bacilli were detected in the bronchial washing fluid. We therefore diagnosed the patient with pulmonary tuberculosis based on her frequent contact with an infected person and the sputum smear findings and initiated treatment with isoniazid, rifampicin, ethambutol and pyrazinamide for six months. Liquid culture examinations of acid-fast bacilli obtained from the sputum were positive six weeks later, and the acid fast bacillus isolated from the cultured colony was identified to be M. tuberculosis on PCR (Table) . After six months of treatment with antituberculosis drugs, chest CT showed only a small scar in the right lower lobe of the lung (Fig. 2B) . We instructed the patient not to attend school until the culture examinations of acid-fast bacilli from her sputum were negative on three consecutive occasions.
Discussion
We herein reported a case of pediatric pulmonary tuberculoma. A smear and culture of acid-fast bacilli was positive in only one of three consecutive expectorated sputum and bronchial washing samples. In the present case, the expectorated sputum was white, similar to saliva. Detecting the lesion on chest X-ray was difficult using bronchoscopy, because the lesion was located behind the cardiac shadow. Therefore, sputum and bronchial washing samples were not accurately collected from the lesion.
The QFT is a high sensitivity and specificity test used to diagnose tuberculosis infection. The sensitivity and specificity of QFT in adult patients with active pulmonary tuberculosis is 89.0% and 98.1%, respectively (5). Detjen et al. reported the usefulness of QFT in diagnosing pediatric pulmonary tuberculosis. They assessed the use of QFT in 28 children with bacteriologically-confirmed tuberculosis (27 cases of pulmonary disease and one case of extrapulmonary disease) and found the sensitivity and specificity of QFT in pediatric patients with active tuberculosis infection to be 93.0% and 100%, respectively (6). The QFT is an important test, especially in cases of pediatric pulmonary tuberculosis, because it is difficult to detect M. tuberculosis using smears, culture and PCR. Nevertheless, the sensitivity of QFT is lower than that of TST in children with LTBI, especially infants (7), for several reasons. First, IFN-γ production is induced by various antigens in infants (8) . Furthermore, the amount of tuberculosis in patients with LTBI is lower than that in cases of active pulmonary tuberculosis. Therefore, the rate of stimulation of tuberculosis antigens is low, and IFN-γ production is not induced. However, the mitogen control IFN-γ responses in schoolchildren are higher than those observed in infants (7); therefore, the QFT is useful for diagnosing LTBI in schoolchildren.
The present patient was first suspected to have LTBI because she had no respiratory symptoms and her chest X-ray showed no abnormal shadows. The use of chest CT is not routinely recommended in all children suspected of having LTBI due to the high level of exposure to radiation, high cost and need for sedation. However, cases of pediatric pulmonary tuberculosis almost always involve primary tuberculosis, and primary tuberculosis lesions are small (9) . Chest X-rays may fail to detect these small lesions (10) . QFTpositive children with respiratory symptoms or frequent contact with infected individuals, as in the present case, should therefore undergo chest CT if chest X-rays do not show any abnormal shadows.
The chest CT scan in the present case revealed a solid nodule in the right S10. Secondary tuberculosis lesions are often formed in S1, S2 and S10. On the other hand, primary tuberculosis lesions, as observed in the present case, can form anywhere in the lungs. Kim et al. investigated the chest CT findings of 41 children with pulmonary tuberculo- Figure 2 . A: Chest computed tomography (CT) performed before treatment. CT showed a mass lesion that was difficult to visualize on a chest X-ray, with an irregular border measuring 3 cm in diameter in the right S10 (arrow). The lesion was surrounded by ground grass opacity. B: Chest CT after treatment. CT showed only an inflammatory scar in S10 (arrowhead). IGRA: interferon-gamma releasing assay, PCR: polymerase chain reaction sis and reported mediastinal and hilar lymphadenopathy to be the most frequent finding, noted in 34 patients, followed by air space consolidation and nodules of bronchogenic spread (20 and 12 patients, respectively). Furthermore, there were no cases in which chest CT showed solid nodules (9). Curtis et al. also reported that solid nodules constitute a very infrequent form of pulmonary tuberculosis in children (11) . On the other hand, M. tuberculosis occasionally results in the formation of solitary nodules in adults (12) . This type of solid nodule is termed tuberculoma. Pathologically, tuberculomas are caseous masses encapsulated by multiple concentric layers of connective tissue. The proposed mechanism underlying the development of tuberculomas consists of repeated extension of bronchopneumonic foci, subsequent necrosis and re-encapsulation (13) . Shrinkage of occluded cavities and fusion of small areas of encapsulated density have been suggested as other mechanisms (13) . Tuberculomas are thought to be the result of a protective mechanism by the host's immune system against the tuberculosis infection. Because the immune system is immature in children, tuberculomas are rare. However, in schoolchildren, the immune system is more mature, and tuberculomas are occasionally detected.
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In conclusion, IGRA-positive children who report frequent contact with sick people, especially those with respiratory symptoms, should undergo chest CT because chest Xrays may fail to detect small lesions. Chest CT occasionally shows single nodules in children with pulmonary tuberculosis, especially school-aged children.
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